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(54) Method for manufacturing a golf ball and golf ball

(57) Embodiments provide systems and methods for
manufacturing a multilayer golf ball having strong inter-
layer bonding and desired structural characteristics, pro-
vided by including temporary, removable particles in a

golf ball substrate and then removing the particles to form
voids in the substrate, including the outer surface and
interior of the substrate. Golf balls having the resulting
strong inter-layer bonding and structural characteristics
are also disclosed.
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Description

[0001] The present invention relates to multilayer golf
balls and to systems and methods for manufacturing mul-
tilayer golf balls, and more particularly, to golf ball man-
ufacturing systems and methods that mold small particles
into a golf ball substrate, which may then be removed to
form voids in the substrate, including the outer surface
and interior of the substrate.
[0002] Most conventional golf balls are constructed of
at least two layers of material. These multilayer golf balls
come in two principal varieties: wound golf balls and solid
golf balls. Wound golf balls typically have at least three
layers, including a center core, a wound layer surround-
ing the core, and a cover surrounding the wound layer.
Multilayer solid golf balls have a solid core and one or
more layers surrounding the core. Multilayer solid golf
balls having a single solid core and a single cover layer
are the most popular commercial products and are gen-
erally referred to as "two-piece" golf balls.
[0003] In multilayer golf balls, individual outer layers
may be formed by molding them around an underlying
substrate, such as an intermediate layer (sometimes re-
ferred to as a mantle layer) or core. The outer layers may
be formed by, for example, injection molding, compres-
sion molding, and casting the outer layer material around
the underlying substrate. To provide optimal perform-
ance requirements, an outer layer is preferably strongly
bonded to its adjacent underlying substrate.
[0004] With wound balls, the inter-layer adhesion may
be facilitated between an outer layer (e.g., cover) and its
underlying wound layer due to the uneven surfaces and
texture provided by the thread windings of the wound
layer. The material of the outer layer flows into and
around these surfaces and texture when the outer layer
is molded around the wound layer, resulting in improved
adhesion. In contrast, between even layers that are not
wound, in either wound or solid golf balls, adhesion be-
tween the layers may be greatly reduced due to the
smooth interfaces between the layers.
[0005] Improper inter-layer adhesion may significantly
detract from the durability and play characteristics of a
golf ball. For example, poor adhesion may cause empty
cavities and other weaknesses between layers, resulting
in delamination when a golf ball is subjected to impacts,
such as from golf clubs or other hard surfaces. The dela-
mination may detract from the aesthetics and playability
of a golf ball. In addition, when the cover of a golf ball is
cut or otherwise damaged, improper inter-layer adhesion
may cause pieces of the cover to separate from the inner
layer and fall off, leading to further disintegration of the
golf ball.
[0006] Improper inter-layer adhesion may also ad-
versely impact the spin characteristics of a golf ball. For
example, improper inter-layer adhesion may cause a loss
in shear stress generated in the ball, which may hinder
a player’s ability to apply a desired spin to the ball with
a club having a large loft angle. This tendency toward a

decreased spin due to loss in shear stress may be es-
pecially critical at the interface between the cover layer
and its adjacent underlying substrate, where spinning
characteristics are most affected.
[0007] Golf ball manufacturers have attempted to im-
prove adhesion between layers by forming texture or oth-
er surface features in substrates. Those manufacturing
techniques have included molding a golf ball layer with
a mold cavity having a roughened surface, or forming
surface features in the surface of an already formed sub-
strate using low pressure plasma treatment, a corona
discharge treatment, chemical etching, or shot blast fin-
ishing. These techniques, however, often require addi-
tional time, tooling, and manufacturing equipment, which
may increase the costs and duration of production.
[0008] Accordingly, there remains a need for more ef-
ficiently manufacturing multilayer golf balls having strong
inter-layer bonds, and for multilayer golf balls having im-
proved inter-layer bonds.
[0009] Embodiments provide systems and methods
for manufacturing multilayer golf balls, in which particles
are disposed in an outer surface of a golf ball substrate,
and are then removed to form voids in the outer surface
of the substrate.
[0010] One aspect provides a method for manufactur-
ing a golf ball, which may include forming a substrate of
the golf ball, the substrate having an outer surface; dis-
posing removable particles at the outer surface of the
substrate such that at least a portion of each of the re-
movable particles is exposed at the outer surface of the
substrate; removing the removable particles from the out-
er surface of the substrate to form voids in the outer sur-
face; and forming a layer over the substrate such that
material of the layer occupies the voids.
[0011] In another aspect, the removable particles may
comprise soluble material, removal of the removable par-
ticles may comprise applying a solvent to the substrate,
and the solvent may comprise a substance that dissolves
the soluble material.
[0012] In another aspect, the removable particles may
comprise water-soluble particles, and the solvent may
comprise water.
[0013] In another aspect, forming the substrate and
disposing the removable particles at the outer surface of
the substrate may comprise applying the removable par-
ticles to a surface of a mold, injecting a substrate material
in liquid form into the mold and over the removable par-
ticles, and solidifying the liquid substrate material with
the removable particles embedded in the substrate ma-
terial.
[0014] In another aspect, applying the removable par-
ticles to the surface of the mold may comprise spraying
the removable particles onto the surface of the mold,
[0015] In another aspect, applying the removable par-
ticles to the surface of the mold may comprise applying
the removable particles in a uniform distribution.
[0016] In another aspect, applying the removable par-
ticles to the surface of the mold may comprise applying
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the removable particles in a random distribution.
[0017] In another aspect, forming the substrate and
disposing the removable particles at the outer surface of
the substrate may comprise mixing particles with a sub-
strate material to form a mixture, injecting the mixture
into a mold, with the particles suspended throughout the
mixture, and with a plurality of the particles disposed
against the mold and comprising the removable particles,
and solidifying the mixture to form the substrate, with the
removable particles exposed at the outer surface of the
substrate.
[0018] In another aspect, a second plurality of the par-
ticles may be disposed within the substrate and may com-
prise non-exposed removable particles, and the method
may further comprise removing the non-exposed remov-
able particles from the substrate to form closed voids in
the substrate.
[0019] In another aspect, the particles mixed with the
substrate to form the mixture may comprise soluble par-
ticles dissolvable in a solvent, and wherein removing the
removable particles from the outer surface of the sub-
strate and the non-exposed removable particles from the
substrate may comprise applying the solvent to the sub-
strate.
[0020] In another aspect, forming the layer over the
substrate may comprise molding the layer material in liq-
uid form over the substrate.
[0021] In another aspect, the layer may comprise a
cover of the golf ball and the substrate may comprise one
of an intermediate layer and a core of the golf ball.
[0022] In another aspect, the layer may comprise a
first layer, and forming the first layer over the substrate
may comprise disposing second removable particles at
an outer surface of the first layer, and removing the sec-
ond removable particles from the outer surface of the first
layer to form voids in the outer surface of the first layer.
A second layer may be formed over the first layer such
that material of the second layer occupies the voids in
the outer surface of the first layer.
[0023] In another aspect, disposing the second remov-
able particles at the outer surface of the first layer may
comprise applying the second removable particles to a
surface of a second mold, placing the substrate inside
the second mold, injecting a first layer material in liquid
form into the second mold, between the substrate and
the second mold, and over the second removable parti-
cles, and solidifying the liquid first layer material with the
second removable particles embedded in the first layer
material.
[0024] In another aspect, removing the removable par-
ticles may comprise one of physically contacting the re-
movable particles with force and pneumatically contact-
ing the removable particles with air.
[0025] In another aspect, the removable particles may
comprise one of fluid-filled microcapsules, gas-filled mi-
crocapsules, and gel microbeads, and removing the re-
movable particles may comprise heating the removable
particles.

[0026] In another aspect, removing the removable par-
ticles may comprise selectively heating the removable
particles without appreciably heating the substrate.
[0027] In another aspect, forming the substrate and
disposing the removable particles at the outer surface of
the substrate may comprise applying the removable par-
ticles to an outer surface of a preformed golf ball portion,
forming a substrate over the outer surface of the pre-
formed golf ball portion and around the removable parti-
cles, and limiting a thickness of the substrate such that
at least a portion of each of the removable particles is
exposed at an outer surface of the substrate.
[0028] Another aspect provides a multilayer golf ball
comprising a substrate and an outer layer. The substrate
may have an outer surface, wherein the substrate defines
a plurality of discrete voids having openings at the outer
surface, and wherein each void of the plurality of discrete
voids has an opening narrower than an interior dimension
of the each void. The outer layer may be disposed over
the outer surface of the substrate, wherein the outer layer
comprises protruding portions that occupy the plurality
of discrete voids, and wherein each protruding portion
has a dimension that is wider than the opening of the
void that the each protruding portion occupies, such that
the each protruding portion cannot pass through the
opening.
[0029] In another aspect, the discrete voids may be
uniformly distributed at the outer surface of the substrate.
[0030] In another aspect, the golf ball may further com-
prise a plurality of particles dispersed and encased
throughout the substrate. The particles may be sized and
shaped substantially similar to the voids.
[0031] In another aspect, the golf ball may further com-
prise a plurality of closed voids dispersed and encased
throughout the substrate, wherein the closed voids may
be sized and shaped substantially similar to the discrete
voids.
[0032] In another aspect, the golf ball may further com-
prise a golf ball portion underlying the substrate. The sub-
strate may contact the golf ball portion at an inner surface.
Each void of the plurality of discrete voids may extend
from the inner surface to the outer surface of the sub-
strate.
[0033] In another aspect, each void of the plurality of
discrete voids may be spherical.
[0034] In another aspect, the outer layer may have an
outer surface opposite to the substrate. The outer layer
may define a second plurality of discrete voids having
openings at the outer surface of the outer layer. Each
void of the second plurality of discrete voids may have
an opening narrower than an interior dimension of the
each void of the second plurality of discrete voids. The
golf ball may further comprise a second outer layer dis-
posed over the outer surface of the outer layer. The sec-
ond outer layer may comprise protruding portions that
occupy the second plurality of discrete voids. Each pro-
truding portion of the second outer layer may have a di-
mension that is wider than the opening of the void that
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the each protruding portion of the second outer layer oc-
cupies, such that the each protruding portion of the sec-
ond outer layer cannot pass through the opening.
[0035] Another aspect provides a golf ball made by a
process, which may comprise forming a substrate of the
golf ball, the substrate having an outer surface; disposing
removable particles at the outer surface of the substrate
such that at least a portion of each of the removable par-
ticles is exposed at the outer surface of the substrate;
removing the removable particles from the outer surface
of the substrate to form voids in the outer surface; and
forming a layer over the substrate such that material of
the layer occupies the voids.
[0036] In another aspect, each void may have an open-
ing at the outer surface of the substrate that is narrower
than an interior dimension of the each void.
[0037] Other systems, methods, features and advan-
tages of the invention will be, or will become, apparent
to one of ordinary skill in the art upon examination of the
following figures and detailed description. It is intended
that all such additional systems, methods, features and
advantages included within this description and this sum-
mary, be within the scope of the invention, and be pro-
tected by the following claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The invention can be better understood with ref-
erence to the following drawings and description. The
components in the figures are not necessarily to scale,
emphasis instead being placed upon illustrating the prin-
ciples of the invention. Moreover, in the figures, like ref-
erence numerals designate corresponding parts
throughout the different views.
[0039] FIG. 1 is a schematic diagram illustrating an
embodiment of a two-piece golf ball having a core and a
cover disposed around the core.
[0040] FIG. 2 is a schematic diagram illustrating an
embodiment of a three-piece golf ball having a core, one
intermediate layer, and a cover.
[0041] FIG. 3 is a schematic diagram illustrating an
embodiment of a four-piece golf ball having a core, two
intermediate layers, and a cover.
[0042] FIG. 4 is a schematic diagram and flowchart
illustrating an embodiment of a method and system for
manufacturing a golf ball having a substrate with voids,
using removable small particles applied to a mold.
[0043] FIG. 5.1 is a schematic diagram and flowchart
illustrating an embodiment of a method and system for
manufacturing a golf ball having a substrate with voids
at the outer surface of the substrate, using removable
small particles dispersed throughout the substrate.
[0044] FIG. 5.2 is a schematic diagram illustrating an
embodiment of a method and system for manufacturing
a golf ball having a substrate with voids throughout the
substrate, using removable small particles dispersed
throughout the substrate.
[0045] FIG. 6 is a schematic diagram and flowchart

illustrating an embodiment of a method and system for
manufacturing a golf ball having a substrate with voids,
using removable small particles applied to a pre-formed
golf portion.

DETAILED DESCRIPTION

[0046] Embodiments provide systems and methods
for manufacturing a golf ball having strong inter-layer
bonding and desired structural characteristics, provided
by including temporary, removable particles in a golf ball
substrate and then removing the particles to form voids
in the substrate, including the outer surface and interior
of the substrate. An outer layer adjacent to the substrate
may then be formed over the substrate, with material of
the outer layer occupying the voids in the outer surface
and providing a strong inter-layer bond. The voids pro-
vide the strong bond, for example, by increasing the sur-
face area over which the layers contact each other, and
by providing interconnecting mechanical structures. Sub-
strates with voids may be formed between one or more
inter-layer boundaries of a multilayer golf ball.
[0047] As used herein the term "substrate" refers to a
portion of a structure underlying another portion of the
structure. For example, in a golf ball, a substrate may be
any portion under the outermost layer or cover, such as
an intermediate layer or a core.
[0048] In embodiments, the uneven surface of the sub-
strate provided by the voids results in a strong inter-layer
bond that may resist delamination, improve durability,
and enhance spin and carrying characteristics, especial-
ly when applied to the outermost interface between a
cover and a substrate underlying the cover. The inter-
layer bond may resist delamination, even upon repeated
impacts to the cover, and may inhibit tears, degradation,
and other damage to the cover. Golf balls having the
uneven inter-layer boundaries may thus benefit from im-
proved durability and playing characteristics.
[0049] In addition, golf balls having uneven inter-layer
boundaries may exhibit improved carrying characteris-
tics. The increased bond and tight contact between an
outer cover and underlying substrate may, for example,
improve the consistency and feel of a golf ball, enabling
a player to better control the spin and carry of the ball.
In other words, the ball may react consistently to the ap-
plication of force to the ball by a player, for example,
allowing the player to hit the ball a certain way to achieve
a certain, predictable response. For example, a high spin-
ning characteristic may be obtained when the ball is hit
by a club requiring a higher spin, whereas a low spinning
characteristic may be obtained when the ball is hit by a
club requiring a lower spin and a larger carrying distance.
[0050] Embodiments may provide manufacturing
methods and systems applicable to any multilayer golf
ball, including wound golf balls and solid golf balls. For
example, FIG. 1 illustrates a two-piece golf ball 100 hav-
ing a core 102 and a cover 104 disposed around core
102, with the core 102 comprising the substrate under-
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lying cover 104. Voids may be formed in the outer surface
of core 102, as discussed in more detail below. Material
of the cover 104 may occupy the voids. Cover 104 and
core 102 may be formed from different materials or dif-
ferent formulations (e.g., ratios) of the same materials.
[0051] As another example, FIG. 2 illustrates a three-
piece golf ball 200 having a core 202, one intermediate
layer 204, and a cover 206. As shown, core 202 may be
surrounded by intermediate layer 204, and cover 206
may be disposed around intermediate layer 204. Core
202, intermediate layer 204, and cover 206 may each be
formed from different materials. Alternatively, core 202
and intermediate layer 204 may both be made from the
same materials, but from different formulations (e.g., ra-
tios) of those materials. In FIG. 2, voids may be formed
in the outer surfaces of at least one of core 202 and in-
termediate layer 204. Material of an adjacent upper layer
may occupy the voids. For example, if voids are provided
in core 202, material of intermediate layer 204 may oc-
cupy those voids. If voids are provided in intermediate
layer 204, material of cover 206 may occupy those voids.
In embodiments, core 202 may be solid, hollow, or fluid-
filled.
[0052] As another example, FIG. 3 illustrates a four-
piece golf ball 300 having a core 302, a first intermediate
layer 304, a second intermediate layer 306, and a cover
308. Core 302 may be solid, hollow, or fluid-filled, and
may be surrounded by first intermediate layer 304. Sec-
ond intermediate layer 306 may be disposed around the
first intermediate layer 304. An outer surface of at least
one of core 302, first intermediate layer 304, and second
intermediate layer 306 may be formed with voids, and
material of an adjacent upper layer may occupy those
voids. For example, if voids are provided in core 302,
material of first intermediate layer 304 may occupy those
voids. If voids are provided in first intermediate layer 304,
material of second intermediate layer 306 may occupy
those voids. And, if voids are provided in second inter-
mediate layer 306, material of cover 308 may occupy
those voids.
[0053] Although the examples of Figures 1-3 illustrate
two-piece, three-piece, and four-piece constructions,
embodiments disclosed herein may be applied to multi-
layer golf balls having any number of layers, including
five or more.
[0054] As used herein, the term "outer surface" in re-
lation to a described layer refers to the surface of that
layer at the interface between that substrate layer and
an adjacent layer that is disposed outwardly with respect
to the substrate layer. For example, referring to FIG. 3,
the outer surface of the core 302 is between the core 302
and the first intermediate layer 304, and the outer surface
of the first intermediate layer 304 is between the first in-
termediate layer 304 and the second intermediate layer
306, and the outer surface of the second intermediate
layer 306 is between the second intermediate layer 306
and the cover 308. In an embodiment, if a core is not
solid, first intermediate layer 304 may include a layer,

such as a flexible enclosure, surrounding and containing
the gas or fluid of the core.
[0055] FIG. 4 illustrates an embodiment of a method
and system for manufacturing a golf ball having a sub-
strate with voids, to provide a strong inter-layer bond. As
shown, in step 402, a mold 420 may be provided, which
corresponds to a desired size and shape of a substrate
of a golf ball, as defined by an inner molding surface 418
of the mold 420. Although, for clarity, FIG. 4 depicts mold
420 in a partial cross-sectional slice view, mold 420 may
enclose a three-dimensional volume in which a golf ball
substrate may be formed. For example, mold 420 may
include two parts, each defining a hemispherical volume
for a golf ball substrate. A substrate layer may be formed
within the mold 420 as a spherical structure. Alternatively,
mold 420 may be configured to receive a pre-manufac-
tured portion of the golf ball over which a substrate is to
be formed. The pre-manufactured portion may be, for
example, a core (e.g., core 202 of FIG. 2 or core 302 of
FIG. 3) or a multilayer golf ball portion (e.g., core 302 and
first intermediate layer 304 of FIG. 3). Mold 420 may in-
clude one or more mold pins to hold the pre-manufac-
tured portion in position while the substrate is formed
around the pre-manufactured portion.
[0056] As shown in step 402, removable particles 422
may be applied to the molding surface 418 of the mold
420. Molding surface 418 may define the outer surface
of the substrate. Particles 422 may be uniformly applied
in a specific pattern or distribution. Alternatively, particles
422 may be applied randomly. Although, for clarity, FIG.
4 shows particles 422 of a large size relative to the shape
of the substrate, particles 422 may be of any size suitable
for providing a desired correspondingly sized void and
resulting bond. In addition, although, again for clarity,
FIG. 4 shows particles 422 as circular in cross-sectional
shape, particles 422 may be any desired regular or irreg-
ular shape. For example, particles 422 may be spherical,
hemispherical, cylindrical, polygonal, grain-shaped, or
fiber-shaped.
[0057] Particles 422 may be applied to molding surface
418 of mold 420 by any suitable method, including, for
example, by spraying, by pipetting, or by brushing onto
the surface. One embodiment provides a dispensing
head having a shape (e.g., hemispherical) complemen-
tary to the shape of the molding surface 418 of the mold
420, with outlets in the dispensing head positioned at
locations at which particles are desired. The dispensing
head may be brought into proximity to the molding sur-
face 418, whereupon particles may be deposited from
the outlets onto the molding surface 418. In another em-
bodiment, particles 422 may be suspended in a wash
solution that is applied to the molding surface 418, and
then evaporated (e.g., by heating) so that the particles
422 settle onto and adhere to the molding surface 418.
In another embodiment, particles 422 may be salt parti-
cles that are applied to the molding surface 418 and heat-
ed to sinter the salt particles, which may form a connected
network of particles.
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[0058] After applying removable particles 422 to the
molding surface 418, in step 404, a substrate material
may be applied to the mold 420, onto the particles 422
and molding surface 418. The substrate material may
contact the molding surface 418 and surround the parti-
cles 422 except for portions of the particles 422 in contact
with the molding surface 418. The substrate material may
form a solid core or may form a layer over another portion
of the golf ball, such as an intermediate layer or a core.
In the example of FIG. 4, the substrate material forms a
substrate 424 that is a layer over another portion of the
golf ball (not shown for clarity).
[0059] In one embodiment, the substrate material may
be injected into mold 420 in liquid form, and then allowed
to cool and solidify. Substrate material may be, for ex-
ample, an elastomer or a thermoplastic material. A suit-
able elastomer may be, for example, a cross-linked rub-
ber such as polybutadiene, which may be chemically
cross-linked with zinc diacrylate and/or similar crosslink-
ing agents. A suitable thermoplastic material may be, for
example, a thermoplastic polyurethane or an ionomer
resin, such as the highly neutralized ionomer resins de-
veloped by E. I. DuPont de Nemours of Wilmington, Del-
aware. In one embodiment in which the particles 422 are
sintered together or are otherwise in contact, molten sub-
strate material may penetrate gaps between the parti-
cles.
[0060] After forming substrate 424, as shown in step
408 of FIG. 4, the substrate 424 and any underlying por-
tions of the golf ball may be removed from the mold 420.
At this point, removable particles 422 are held within the
matrix of the substrate material, with portions of the par-
ticles 422 exposed at the outer surface of the substrate
424. By virtue of this exposure, particles 422 may then
be removed from the substrate 424. Particles 422 may
be removed, for example, by physically extracting the
particles (e.g., by brushing or air blasting), by dissolving
and washing away the particles, or by melting or evapo-
rating the particles.
[0061] Physically extracting the particles 422 may in-
volve physically contacting and dislodging the particles
422. For example, particles 422 may be brushed or sand-
ed off of substrate 424. Alternatively, a forced current of
air (e.g., air blasting) may be applied to the substrate 424
to dislodge and expel particles 422. In another embodi-
ment, the substrate 424, along with any underlying por-
tions of the golf ball, may be tumbled to dislodge and
expel the particles 422.
[0062] Dissolving removable particles 422 may involve
using particles 422 made of a soluble material that dis-
solves upon application of a corresponding solvent. For
example, particles 422 may be made of a water-soluble
material, such that application of water to the substrate
424 may dissolve and wash away the particles 422. Pref-
erably, the solvent dissolves the particles without affect-
ing the substrate material. In other words, the substrate
material may be substantially insoluble in a solvent that
readily solubilizes the material of the particles.

[0063] In one embodiment, particles 422 may be salt
crystals (e.g., sodium chloride crystals). In this manner,
the salt crystals may be applied to the mold 420 by being
partially dissolved and then distributed over the mold sur-
face 418, for example, by dusting or spraying. The par-
tially dissolved salt crystals may thereby adhere to the
molding surface 418 and remain in place as the substrate
material is applied. In one embodiment, a layer of fluid
or solvent is applied to the mold surface 418, the salt
crystals are then applied and allowed to partially dissolve
and adhere, and the fluid or solvent is then removed (e.g.,
by evaporation) without disturbing the salt crystals. After
forming the substrate layer with the salt crystals embed-
ded therein, water or another appropriate solvent may
be applied to the substrate layer to completely dissolve
and wash away the salt crystals. Alternatively, the salt
crystals may also be removed by lightly brushing the out-
er surface of the substrate layer.
[0064] In another embodiment, particles 422 may be
polystyrene particles, which may be dissolved and
washed away by applying styrene.
[0065] In another embodiment, particles 422 may be
polyvinyl alcohol resin filaments, water-soluble polysac-
charide, or water-soluble cellulose, each of which may
be dissolved and washed away by applying water.
[0066] In another embodiment, particles 422 may be
fibers made of nylon, polyethylene terephthalate, or ac-
etate. In the case of nylon or polyethylene terephthalate
particles, acetic acid may be applied to dissolve and wash
away the particles. In the case of acetate particles, ace-
tone or methyl ethyl ketone may be applied to dissolve
and wash away the particles.
[0067] To remove particles 422 by melting or evapo-
ration, embodiments may provide suitable materials as
between the substrate 424 and the particles 422. In one
embodiment, particles 422 may be made of material hav-
ing a melting point lower than the melting point of the
material of the substrate 424, such that application of
heat causes the particles 422 to melt and either flow out
or evaporate, without affecting the substrate 424. In this
example, the substrate 424 may be applied to mold 420
using a method that does not require heating the sub-
strate material above the melting point of the particles
422. Particles 422 may be a gel, for example. In other
embodiments, particles 422 may be fluid-filled microcap-
sules, gas-filled microcapsules, or gel microbeads, which
may be removed by heating the removable particles.
[0068] In another embodiment, microwave irradiation
may be used to selectively heat the particles 422, and
not heat the substrate 424. Different material compounds
convert microwave irradiation to heat by different
amounts. Particles 422 may therefore be made of a ma-
terial that converts microwave radiation to heat in
amounts greater than that of the substrate material. This
selectivity may enable the particles 422 to heat, melt, and
either flow out or evaporate, all without affecting the sub-
strate 424.
[0069] After the particles 422 are removed, substrate
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424 may define voids 426 as shown in step 410. The
voids 426 may have substantially the same size and
shape as the particles 422 that formerly occupied those
locations. Preferably, to enhance the mechanical con-
nection between layers, voids 426 may be shaped such
that their openings are smaller than a dimension beneath
the opening. For example, a void 426 may be dovetail-
shaped or, as shown in FIG. 4, shaped with a wide circular
base 427 and narrower upper opening 425. In this man-
ner, as described in more detail below, structures formed
within the voids 426 may be mechanically held within the
voids because the larger-sized portions inside the voids
426 may not pass through the narrower openings.
[0070] Voids 426 may also form continuous pores, for
example, when the voids are formed by salt sintered to
the mold in a network of crystals. The continuous pores
may provide a desirable structure into which the material
of an outer layer can penetrate and thereby create a
strong bond.
[0071] With the substrate 424 defining voids 426, a
material may then be applied to the substrate 424 to form
an outer layer, as shown in step 412 of FIG. 4. Forming
the outer layer may involve applying the outer layer ma-
terial by, for example, spraying or brushing. In one em-
bodiment, outer layer may be formed by molding the outer
layer material onto the substrate 424. For example, sub-
strate 424 and any underlying portions of the golf ball
may be placed in a mold, and the outer layer material
may be injected in liquid form between the mold and the
substrate 424. In applying the outer layer material, the
material may flow or be otherwise deposited within the
voids 426, and may be continuous above the outer sur-
face of the substrate 424 above and between the voids
426.
[0072] After applying the outer layer material, an outer
layer 428 may be formed over substrate 424 as shown
in step 414 of FIG. 4. The outer layer 428 may be a mon-
olithic structure that is integral between the voids 426
that it occupies and its outer surface 429. The protruding
portions 430 of the outer layer 428 that occupy the voids
426 may provide a strong mechanical connection be-
tween the outer layer 428 and the substrate 424.
[0073] Outer layer 428 may be a cover of a golf ball
(e.g., covers 104, 206, and 308 of FIGS. 1, 2, and 3,
respectively), which may have dimples (not shown for
clarity). The dimples may be formed by a mold in which
the outer layer material may be injected in liquid form. In
this embodiment, the strong inter-layer bond provided by
the voids 426 and protruding portions 430 may resist
delamination, improve durability, and enhance spin and
carrying characteristics, as described above. An outer
layer 428 forming a cover of a golf ball may be formed
from a material such as SURLYN® as produced by E. I.
DuPont de Nemours of Wilmington, Delaware.
[0074] In another embodiment, outer layer 428 may be
an intermediate layer such as intermediate layer 204 of
FIG. 2 or intermediate layers 304 and 306 of FIG. 3. In
this case, outer layer 428 may be formed with a smooth

outer surface 429. Alternatively, in another embodiment,
the outer surface 429 of the outer layer 428 may be
formed with voids by disposing removable particles at
the outer surface and subsequently removing those par-
ticles, as was done for the substrate 424. Providing these
voids at the outer surface 429 of the outer layer 428 en-
ables a second outer layer to bond with the outer layer
428 in the same manner that the outer layer 428 bonds
to the substrate 424. Thus, the strong inter-layer bonds
may be provided at the interface between each layer of
a multilayer golf ball. This strong inter-layer bonding
throughout a multilayer golf ball further enhances dela-
mination resistance, durability, and spin and carrying
characteristics.
[0075] FIG. 5.1 illustrates another embodiment of a
method and system for manufacturing a golf ball having
a substrate with voids, to provide a strong inter-layer
bond. In this embodiment, particles may be dispersed
throughout a substrate, with particles at the outer surface
of the substrate being removable. As shown in step 502
of FIG. 5.1, a substrate 524 may be formed. Substrate
524 may be a core of a golf ball, or, as is shown in FIG.
5.1, may be an intermediate layer of a golf ball. Substrate
524 may be formed by any suitable means, as described
above in reference to FIG. 4. For example, substrate 524
may be formed by injection molding, spraying, or brush-
ing.
[0076] In forming substrate 524, the substrate material
applied to form the substrate 524 may include a matrix
material and particles 522 suspended in the matrix ma-
terial. The substrate material, composed of the matrix
material and particles 522, may be injected in liquid form
in a mold and then allowed to cool and solidify. Once
formed, the substrate 524 may be solid throughout, with
the particles 522 dispersed in the matrix material, as
shown in FIG. 5.1. This distribution of the particles 522
places some of the particles 522 within the matrix, fully
encased by the matrix. Other particles 522 may be dis-
posed at the outer surface 523 of the substrate 524, with
portions of those particles 522 exposed. These exposed
particles may be removable particles.
[0077] After the substrate 524 is formed, as shown in
step 504 of FIG.5.1, the exposed particles 522 may be
removed from the substrate 524, as described above in
reference to FIG. 4. In addition to using particles that are
suitable for removal when disposed at the outer surface
523, in this embodiment, the particles 522 may also be
suitable for providing necessary structural support to the
substrate 524 when disposed within the matrix material
and not removed. In other words, a material of the parti-
cles 522 may preferably be conducive to removal by a
desired means (e.g., dissolving by a solvent), while also
being conducive to providing structural support to the
substrate 524, or at least not compromising the structural
support provided by the matrix portion of the substrate
524. For example, particles may be made of a relatively
hard material that is soluble in a solvent.
[0078] After removing the exposed particles 522 from
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substrate 524, voids 526 may be defined by substrate
524 as shown in step 506 of FIG. 5.1. The non-exposed
particles 522 may remain encased within the matrix ma-
terial of the substrate 524, as shown.
[0079] Having formed the substrate 524 with voids
526, in step 508 of FIG. 5.1, an outer layer material may
then be applied, as described above in reference to FIG.
4. The outer layer material may be injected or otherwise
deposited in the voids 526 and around the substrate 524
to form outer layer 528, as shown in step 510 of FIG. 5.1.
The outer layer 528 may include protrusion portions 530
that occupy the voids 526 and provide a strong inter-layer
bond, as described above. In addition, the non-exposed
particles 522 remain encased within the substrate 524
as a permanent part of the golf ball.
[0080] As with the embodiment of FIG. 4, the outer
layer 528 of the embodiment of FIG. 5.1 may be a cover
or an intermediate layer, and may be formed with dimples
or with voids in a manner similar to the formation of the
voids 526 in the substrate 524. In this respect, the outer
layer material may include a matrix material and particles
suspended in the matrix, some of which may be exposed
at the outer surface 529 and others of which may be
encased within the matrix and not exposed. With voids
defined in the outer surface 529 of the outer layer 528,
a multilayer golf ball may benefit from strong inter-layer
bonds at more than one interface between the layers, as
described above.
[0081] A further aspect of a system and method for
manufacturing a golf ball includes provisions for control-
ling structural characteristics of a substrate using voids
within the substrate. Thus, in addition to, or instead of,
forming voids at an outer surface of a substrate, this fur-
ther aspect may form voids within the interior, or thick-
ness, of the substrate. The voids may be sized, shaped,
distributed, or otherwise configured to provide desired
structural characteristics of the substrate, for example,
in terms of compression, feel, and spin. The voids may,
for example, provide a cell-like structure that yields, in
comparison to a solid structure, in some embodiments a
softer compression, a softer feel, and altered spin rates,
either higher or lower.
[0082] FIG. 5.2 illustrates an embodiment of a method
and system for manufacturing a golf ball having a sub-
strate with voids at the outer surface of the substrate and
within the substrate, to provide a strong inter-layer bond
and desired structural characteristics of the substrate lay-
er. In this embodiment, particles may be dispersed
throughout a substrate, with particles at the outer surface
of the substrate and within the substrate, being remova-
ble. As shown in step 552 of FIG. 5.2, a substrate 524
may be formed. Substrate 524 may be a core of a golf
ball, or, as is shown in FIG. 5.2, may be an intermediate
layer of a golf ball. Substrate 524 may be formed by any
suitable means, as described above in reference to FIG.
4. For example, substrate 524 may be formed by injection
molding, spraying, or brushing.
[0083] In forming substrate 524, the substrate material

applied to form the substrate 524 may include a matrix
material and particles 522 suspended in the matrix ma-
terial. The substrate material, composed of the matrix
material and particles 522, may be injected in liquid form
in a mold and then allowed to cool and solidify. Once
formed, the substrate 524 may be solid throughout, with
the particles 522 dispersed in the matrix material, as
shown in FIG. 5.2. This distribution of the particles 522
may place some of the particles 522 encased within the
matrix, and other particles 522 disposed at the outer sur-
face 523 of the substrate 524, with portions of those outer
particles 522 exposed. In this embodiment, both encased
particles and also exposed outer particles may be remov-
able particles.
[0084] After the substrate 524 is formed, as shown in
step 554 of FIG.5.2, both exposed and non-exposed par-
ticles 522 may be removed from the substrate 524, using
the techniques described above in reference to FIG. 4
that are also capable of removing the encased non-ex-
posed particles 522 within the substrate 524. For exam-
ple, one embodiment mixes rough grains of salt crystal
into a rubber compound to form the substrate, and then
treats the cured rubber substrate by exposing the sub-
strate to hot water. The hot water may melt the salt crys-
tals not only at the surface where some crystals may be
exposed, but also within the rubber substrate where other
crystals may be encased (e.g., at a depth of a few mil-
limeters).
[0085] In removing encased removable particles, an-
other embodiment mixes thermoplastic synthetic resin
powder with water-soluble salt powder having a particle
size larger than the resin powder, forming the mixture
into the substrate, and then dissolving and removing the
salt powder from the mixture. The mixture may be formed
into the substrate by placing the mixture in a mold, ap-
plying heat and pressure to the mixture against the mold,
and then cooling the formed mixture. Water may then be
applied to the formed substrate to dissolve and remove
the water-soluble powder particles from the substrate,
thereby providing a porous substrate structure. Suitable
techniques for forming voids within a substrate are dis-
closed in U.S. Patent No. 4,705,809 to Dighton et al. and
in Japanese publications numbers JP55090361 and
JP61185538, all of which are herein incorporated by ref-
erence in their entirety.
[0086] In addition to using particles that are suitable
for removal when disposed at the outer surface 523 or
within substrate 524, in embodiments, the particles 522
may also be suitable for providing necessary structural
support to the substrate 524 when they are not removed
from the substrate 524 and remain encased within the
matrix material. In some embodiments, for example, sol-
uble particles disposed deep within a substrate may not
be exposed to the solvent and may therefore not be elut-
ed and may remain intact. To account for those particles
that remain within the substrate, a material of the particles
522 may preferably be conducive to removal by a desired
means (e.g., dissolving by a solvent), while also being
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conducive to providing structural support to the substrate
524, or at least not compromising the structural support
provided by the matrix portion of the substrate 524. For
example, particles may be made of a relatively hard ma-
terial that is soluble in a solvent.
[0087] After removing exposed and non-exposed par-
ticles 522 from substrate 524, open voids 526 and closed
voids 527 may be defined by substrate 524 as shown in
step 556 of FIG. 5.2. The open voids 526 at the outer
surface 523 of the substrate 524 may provide bonding
characteristics as described above. Closed voids 527
may provide a cell-like, or sponge-like, construction that
yields desired compression characteristics, for example.
Although not shown in FIG. 5.2, other non-exposed par-
ticles 522 may remain encased within the matrix material
of the substrate 524, for example, if the particles are sol-
uble particles and the solvent does not reach all of the
particles.
[0088] Having formed the substrate 524 with voids 526
and 527, instep 558 of FIG. 5.2, an outer layer material
may then be applied, as described above in reference to
FIG. 4. The outer layer material may be injected or oth-
erwise deposited in the voids 526 and around the sub-
strate 524 to form outer layer 528, as shown in step 560
of FIG. 5.2. The outer layer 528 may include protrusion
portions 530 that occupy the voids 526 and provide a
strong inter-layer bond, as described above. In addition,
closed voids 527 remain within the substrate 524 to pro-
vide desired structural characteristics. Other non-ex-
posed and non-removed particles (not shown) may re-
main encased within the substrate 524 as a permanent
part of the golf ball.
[0089] As with the embodiment of FIG. 4, the outer
layer 528 of the embodiment of FIG. 5.2 may be a cover
or an intermediate layer, and may be formed with dimples
or with voids in a manner similar to formation of the voids
526 and 527 in the substrate 524. In this respect, the
outer layer material may include a matrix material and
particles suspended in the matrix, some of which may be
exposed at the outer surface 529 and then removed, and
others of which may be encased within the matrix and
then either removed or not removed. With voids defined
in the outer surface 529 of the outer layer 528, a multilayer
golf ball may benefit from strong inter-layer bonds at more
than one interface between the layers, as described
above.
[0090] The closed voids 527 within a substrate 524
may provide surprising benefits in attaining desired struc-
tural characteristics related to, for example, compres-
sion, feel, and spin. Designers may control such struc-
tural characteristics by selecting appropriate sizes, quan-
tities, and distributions of the particles that form the
closed cells within a substrate. For example, greater
numbers of larger particles may provide a softer, more
compressible structure.
[0091] FIG. 6 illustrates another embodiment of a sys-
tem and method for manufacturing a golf ball having a
substrate with voids. In this embodiment, removable par-

ticles may be sized to extend from an inner surface of
the substrate to an outer surface of the substrate. With
this relative sizing, this embodiment may enable the op-
tion of either applying the removable particles to a mold
or to an already formed golf ball portion. As an example,
step 602 of FIG. 6 illustrates removable particles 622
applied to an already formed golf ball portion, which in
this case is a golf ball core 621 (shown in a partial view
for clarity). Removable particles 622 may be applied by
any of the various techniques described above, for ex-
ample, by dusting particles 622 over the outer surface
623 of core 621. Particles 622 may be uniformly or ran-
domly distributed over the outer surface 623.
[0092] After removable particles 622 are in place, sub-
strate 624 may be formed over the particles 622 and the
outer surface 623 of core 621 as shown in step 604 of
FIG. 6 (in partial view for clarity). The thickness of sub-
strate 624 may be limited so that the particles 622 extend
from the inner surface 625 of the substrate 624 (and the
outer surface 623 of core 621) to the outer surface 627
of substrate 624. Removable particles 622 may therefore
be exposed at the outer surface 627 of substrate 624.
[0093] Using any of the techniques described above,
removable particles 622 may then be removed from sub-
strate 624 to yield voids 626 defined by the substrate
624, as shown in the example of step 604 of FIG. 6. The
structure of step 606 may then be further processed as
described above to form an outer layer having protruding
portions that occupy the voids 626.
[0094] Overall, embodiments of the improved methods
and golf balls may be provided by treating at least a por-
tion of an outer surface of at least one of a golf ball center
and an intermediate layer, such as the outermost inter-
mediate layer that forms an interface between the core
and the cover layer. The treatment may be sufficient to
reduce or avoid the use of adhesives at the interface
between the treated layer and the outer layer disposed
thereabout.
[0095] In one embodiment, during a golf ball manufac-
turing process, a substrate may be formed as a core or
as a layer on already formed golf ball portion, such as a
golf ball core. The material of the substrate may include
a permanent matrix and impermanent small particles em-
bedded in the matrix. The embedding of the small parti-
cles may occur during a molding process, for example,
by lining a mold cavity with the small particles and inject-
ing the matrix. Other methods of embedding the particles
are also contemplated.
[0096] After the matrix has cured, the small particles
may be removed from the matrix. Removal of the small
particles may be accomplished by exposure to water or
other solvent that dissolves the particles but does not
affect the cured matrix material. The particles may also
be removed by other means, such as by brushing or tum-
bling. The small particles may be particularly positioned
in the substrate or randomly positioned in the coating.
[0097] Providing the substrate treatment affords sur-
prising benefits for a golf ball. The embedded small par-

15 16 



EP 2 418 060 A2

10

5

10

15

20

25

30

35

40

45

50

55

ticles may create uneven interfaces between the layers
of a golf ball, which increase the surface area over which
the layers contact each other and provide surface rough-
ness or other mechanical interconnections between the
layers. The increased surface contact and interconnec-
tions increase adherence of an outer layer to a substrate
to provide a more cohesive golf ball structure that may
be more durable and may respond more predictably to
a golf player’s application of force. In addition, when the
particles are fully encased in a layer and are then re-
moved to create closed voids, those closed voids may
provide the layer with desired structural characteristics,
for example, in terms of compression.
[0098] A further embodiment applies removable parti-
cles to an outermost layer of a golf ball, such as the cover
layer. Using, for example, either of the techniques dis-
closed in reference to FIGS. 4 and 5, voids may be formed
in a cover layer. These voids may define dimples or other
desired surface features of a golf ball. In one embodi-
ment, the particles may be shaped as a hemisphere or
a smaller end sliver of a sphere, and may be placed with
their flat sides against a mold surface, in a uniform dis-
tribution corresponding to a desired dimple pattern. After
forming the cover layer around the particles, the particles
may be removed to obtain the desired surface features
(e.g., dimple pattern) of the cover layer. The textured
cover layer may provide the finished appearance of the
golf ball, or an additional layer (e.g., a layer of paint or
clear coating) may be applied to the textured cover layer
to finish the golf ball.
[0099] It will be appreciated by those in the art that this
method of manufacturing is not limited to golf balls, but
may be successfully used in the manufacture of any lay-
ered article.
[0100] The invention may further be realised according
to the following embodiments:

1. A method for manufacturing a golf ball comprising:

forming a substrate of the golf ball, the substrate
having an outer surface;
disposing removable particles at the outer sur-
face of the substrate such that at least a portion
of each of the removable particles is exposed at
the outer surface of the substrate;
removing the removable particles from the outer
surface of the substrate to form voids in the outer
surface; and
forming a layer over the substrate such that ma-
terial of the layer occupies the voids.

2. The method of embodiment 1, wherein the remov-
able particles comprise soluble material, wherein re-
moving the removable particles comprises applying
a solvent to the substrate, and wherein the solvent
comprises a substance that dissolves the soluble
material.
3. The method of embodiment 2, wherein the remov-

able particles comprise watersoluble particles, and
the solvent comprises water.
4. The method of embodiment 1, wherein forming
the substrate and disposing the removable particles
at the outer surface of the substrate comprises:

applying the removable particles to a surface of
a mold;
injecting a substrate material in liquid form into
the mold and over the removable particles; and
solidifying the liquid substrate material with the
removable particles embedded in the substrate
material.

5. The method of embodiment 4, wherein applying
the removable particles to the surface of the mold
comprises spraying the removable particles onto the
surface of the mold.
6. The method of embodiment 4, wherein applying
the removable particles to the surface of the mold
comprises applying the removable particles in a uni-
form distribution.
7. The method of embodiment 4, wherein applying
the removable particles to the surface of the mold
comprises applying the removable particles in a ran-
dom distribution.
8. The method of embodiment 1, wherein forming
the substrate and disposing the removable particles
at the outer surface of the substrate comprises:

mixing particles with a substrate material to form
a mixture;
injecting the mixture into a mold, with the parti-
cles suspended throughout the mixture, and
wherein a plurality of the particles is disposed
against the mold and comprises the removable
particles; and
solidifying the mixture to form the substrate, with
the removable particles exposed at the outer
surface of the substrate.

9. The method of embodiment 8, wherein a second
plurality of the particles is disposed within the sub-
strate and comprises non-exposed removable par-
ticles, and wherein the method further comprises re-
moving the non-exposed removable particles from
the substrate to form closed voids in the substrate.
10. The method of embodiment 9, wherein the par-
ticles mixed with the substrate to form the mixture
comprise soluble particles dissolvable in a solvent,
and wherein removing the removable particles from
the outer surface of the substrate and the non-ex-
posed removable particles from the substrate com-
prises applying the solvent to the substrate.
11. The method of embodiment 1, wherein forming
the layer over the substrate comprises molding the
layer material in liquid form over the substrate.
12. The method of embodiment 1, wherein the layer
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comprises a cover of the golf ball and the substrate
comprises one of an intermediate layer and a core
of the golf ball.
13. The method of embodiment 1, wherein the layer
comprises a first layer,
wherein forming the first layer over the substrate
comprises:

disposing second removable particles at an out-
er surface of the first layer; and
removing the second removable particles from
the outer surface of the first layer to form voids
in the outer surface of the first layer, and

wherein the method further comprises forming a sec-
ond layer over the first layer such that material of the
second layer occupies the voids in the outer surface
of the first layer.
14. The method of embodiment 13, wherein dispos-
ing the second removable particles at the outer sur-
face of the first layer comprises:

applying the second removable particles to a
surface of a second mold;
placing the substrate inside the second mold;
injecting a first layer material in liquid form into
the second mold, between the substrate and the
second mold, and over the second removable
particles;
and
solidifying the liquid first layer material with the
second removable particles embedded in the
first layer material.

15. The method of embodiment 1, wherein removing
the removable particles comprises one of physically
contacting the removable particles with force and
pneumatically contacting the removable particles
with air.
16. The method of embodiment 1, wherein the re-
movable particles comprise one of fluid-filled micro-
capsules, gas-filled microcapsules, and gel mi-
crobeads, and wherein removing the removable par-
ticles comprises heating the removable particles.
17. The method of embodiment 1, wherein removing
the removable particles comprises selectively heat-
ing the removable particles without appreciably heat-
ing the substrate.
18. The method of embodiment 1, wherein forming
the substrate and disposing the removable particles
at the outer surface of the substrate comprises:

applying the removable particles to an outer sur-
face of a preformed golf ball portion;
forming a substrate over the outer surface of the
preformed golf ball portion and around the re-
movable particles; and
limiting a thickness of the substrate such that at

least a portion of each of the removable particles
is exposed at an outer surface of the substrate.

19. A multilayer golf ball comprising:

a substrate having an outer surface, wherein the
substrate defines a plurality of discrete voids
having openings at the outer surface, and
wherein each void of the plurality of discrete
voids has an opening narrower than an interior
dimension of the each void; and
an outer layer disposed over the outer surface
of the substrate, wherein the outer layer com-
prises protruding portions that occupy the plu-
rality of discrete voids, and wherein each pro-
truding portion has a dimension that is wider
than the opening of the void that the each pro-
truding portion occupies, such that the each pro-
truding portion cannot pass through the open-
ing.

20. The golf ball of embodiment 19, wherein the dis-
crete voids are uniformly distributed at the outer sur-
face of the substrate.
21. The golf ball of embodiment 19, further compris-
ing a plurality of particles dispersed and encased
throughout the substrate, wherein the particles are
sized and shaped substantially similar to the voids.
22. The golf ball of embodiment 19, further compris-
ing a plurality of closed voids dispersed and encased
throughout the substrate, wherein the closed voids
are sized and shaped substantially similar to the dis-
crete voids.
23. The golf ball of embodiment 19, further compris-
ing a golf ball portion underlying the substrate,
wherein the substrate contacts the golf ball portion
at an inner surface, and wherein each void of the
plurality of discrete voids extends from the inner sur-
face to the outer surface of the substrate.
24. The golf ball of embodiment 19, wherein each
void of the plurality of discrete voids is spherical.
25. The golf ball of embodiment 19, wherein the outer
layer has an outer surface opposite to the substrate,
wherein the outer layer defines a second plurality of
discrete voids having openings at the outer surface
of the outer layer, and wherein each void of the sec-
ond plurality of discrete voids has an opening nar-
rower than an interior dimension of the each void of
the second plurality of discrete voids,
wherein the golf ball further comprises a second out-
er layer disposed over the outer surface of the outer
layer, wherein the second outer layer comprises pro-
truding portions that occupy the second plurality of
discrete voids, and
wherein each protruding portion of the second outer
layer has a dimension that is wider than the opening
of the void that the each protruding portion of the
second outer layer occupies, such that the each pro-
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truding portion of the second outer layer cannot pass
through the opening.
26. A golf ball made by a process comprising:

forming a substrate of the golf ball, the substrate
having an outer surface;
disposing removable particles at the outer sur-
face of the substrate such that at least a portion
of each of the removable particles is exposed at
the outer surface of the substrate;
removing the removable particles from the outer
surface of the substrate to form voids in the outer
surface; and
forming a layer over the substrate such that ma-
terial of the layer occupies the voids. 27. The
golf ball of embodiment 26, wherein each void
has an opening at the outer surface of the sub-
strate that is narrower than an interior dimension
of the each void.

[0101] While various embodiments of the invention
have been described, the description is intended to be
exemplary, rather than limiting and it will be apparent to
those of ordinary skill in the art that many more embod-
iments and implementations are possible that are within
the scope of the invention. Accordingly, the invention is
not to be restricted except in light of the attached claims
and their equivalents. Also, various modifications and
changes may be made within the scope of the attached
claims. [00102] Further, in describing representative em-
bodiments, the specification may have presented a meth-
od and/or process as a particular sequence of steps.
However, to the extent that the method or process does
not rely on the particular order of steps set forth herein,
the method or process should not be limited to the par-
ticular sequence of steps described. As one of ordinary
skill in the art would appreciate, other sequences of steps
may be possible. Therefore, the particular order of the
steps set forth in the specification should not be con-
strued as limitations on the claims. In addition, the claims
directed to a method and/or process should not be limited
to the performance of their steps in the order written, and
one skilled in the art can readily appreciate that the se-
quences may be varied and still remain within the spirit
and scope of the present invention.

Claims

1. A method for manufacturing a golf ball comprising:

forming a substrate of the golf ball, the substrate
having an outer surface;
disposing removable particles at the outer sur-
face of the substrate such that at least a portion
of each of the removable particles is exposed at
the outer surface of the substrate;
removing the removable particles from the outer

surface of the substrate to form voids in the outer
surface; and
forming a layer over the substrate such that ma-
terial of the layer occupies the voids.

2. The method of claim 1, wherein the removable par-
ticles comprise soluble material, wherein removing
the removable particles comprises applying a sol-
vent to the substrate, and wherein the solvent com-
prises a substance that dissolves the soluble mate-
rial,
in particular wherein the removable particles com-
prise water-soluble particles and the solvent com-
prises water.

3. The method of claim 1 or 2, wherein forming the sub-
strate and disposing the removable particles at the
outer surface of the substrate comprises:

applying the removable particles to a surface of
a mold;
injecting a substrate material in liquid form into
the mold and over the removable particles; and
solidifying the liquid substrate material with the
removable particles embedded in the substrate
material.

4. The method of claim 3, wherein applying the remov-
able particles to the surface of the mold comprises:

spraying the removable particles onto the sur-
face of the mold; and/or
applying the removable particles in a uniform
distribution.

5. The method of claim 1 or 2, wherein forming the sub-
strate and disposing the removable particles at the
outer surface of the substrate comprises:

mixing particles with a substrate material to form
a mixture;
injecting the mixture into a mold, with the parti-
cles suspended throughout the mixture, and
wherein a plurality of the particles is disposed
against the mold and comprises the removable
particles; and
solidifying the mixture to form the substrate, with
the removable particles exposed at the outer
surface of the substrate.

6. The method of claim 5, wherein a second plurality
of the particles is disposed within the substrate and
comprises non-exposed removable particles, and
wherein the method further comprises removing the
non-exposed removable particles from the substrate
to form closed voids in the substrate.

7. The method of claim 6, wherein the particles mixed
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with the substrate to form the mixture comprise sol-
uble particles dissolvable in a solvent, and wherein
removing the removable particles from the outer sur-
face of the substrate and the non-exposed remova-
ble particles from the substrate comprises applying
the solvent to the substrate.

8. The method of any of claims 1 to 7, wherein forming
the layer over the substrate comprises molding the
layer material in liquid form over the substrate.

9. The method of any of claims 1 to 8, wherein the layer
comprises a cover of the golf ball and the substrate
comprises one of an intermediate layer and a core
of the golf ball.

10. The method of claim 1, wherein the layer comprises
a first layer,
wherein forming the first layer over the substrate
comprises:

disposing second removable particles at an out-
er surface of the first layer; and
removing the second removable particles from
the outer surface of the first layer to form voids
in the outer surface of the first layer, and
wherein the method further comprises forming
a second layer over the first layer such that ma-
terial of the second layer occupies the voids in
the outer surface of the first layer.

11. The method of claim 10, wherein disposing the sec-
ond removable particles at the outer surface of the
first layer comprises:

applying the second removable particles to a
surface of a second mold;
placing the substrate inside the second mold;
injecting a first layer material in liquid form into
the second mold, between the substrate and the
second mold, and over the second removable
particles; and
solidifying the liquid first layer material with the
second removable particles embedded in the
first layer material.

12. The method of any of claims 3-6 and 8-11, wherein
removing the removable particles comprises:

one of physically contacting the removable par-
ticles with force and pneumatically contacting
the removable particles with air; and/or
selectively heating the removable particles with-
out appreciably heating the substrate; and/or
heating the removable particles when the re-
movable particles comprise one of fluid-filled mi-
crocapsules, gas-filled microcapsules, and gel
microbeads.

13. The method of claim 1, wherein forming the substrate
and disposing the removable particles at the outer
surface of the substrate comprises:

applying the removable particles to an outer sur-
face of a preformed golf ball portion;
forming a substrate over the outer surface of the
preformed golf ball portion and around the re-
movable particles; and
limiting a thickness of the substrate such that at
least a portion of each of the removable particles
is exposed at an outer surface of the substrate.

14. A multilayer golf ball comprising:

a substrate having an outer surface, wherein the
substrate defines a plurality of discrete voids
having openings at the outer surface, and
wherein each void of the plurality of discrete
voids has an opening narrower than an interior
dimension of the each void; and
an outer layer disposed over the outer surface
of the substrate, wherein the outer layer com-
prises protruding portions that occupy the plu-
rality of discrete voids, and wherein each pro-
truding portion has a dimension that is wider
than the opening of the void that the each pro-
truding portion occupies, such that the each pro-
truding portion cannot pass through the open-
ing.

15. The golf ball of claim 14, further comprising:

a plurality of particles dispersed and encased
throughout the substrate, wherein the particles
are sized and shaped substantially similar to the
voids; and/or
a plurality of closed voids dispersed and en-
cased throughout the substrate, wherein the
closed voids are sized and shaped substantially
similar to the discrete voids; and/or
a golf ball portion underlying the substrate,
wherein the substrate contacts the golf ball por-
tion at an inner surface, and wherein each void
of the plurality of
discrete voids extends from the inner surface to
the outer surface of the substrate.

23 24 



EP 2 418 060 A2

14



EP 2 418 060 A2

15



EP 2 418 060 A2

16



EP 2 418 060 A2

17



EP 2 418 060 A2

18



EP 2 418 060 A2

19

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 4705809 A, Dighton  [0085]
• JP 55090361 B [0085]

• JP 61185538 B [0085]


	bibliography
	description
	claims
	drawings

